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ABSTRACT 

Lockheed Missiles and Space Div is ion  i s  s tudying  t h e  
stage and one-half  i n t e g r a l  launch and r e e n t r y  v e h i c l e .  They 
b e l i e v e  t h a t  such  a system can be d e l i v e r e d  by CY 1 9 7 5  f o r  a 
development c o s t  of about 1 . 7  b i l l i o n  d o l l a r s .  This  system, 
they  fee l ,  could be operated for 2.5 m i l l i o n  d o l l a r s  per  launch 
and d e l i v e r  over 2 0 , 0 0 0  pounds of d i s c r e t i o n a r y  payload t o  
o r b i t .  

The low ope ra t iona l  cost i s  p o s s i b l e ,  however, only 
i f  a i r c r a f t  l i k e  ope ra t ions  can be adapted. Lockheed has been 
concen t r a t ing  on developing a v e h i c l e  des ign  which has  t h i s  
p o t e n t i a l  and is  most o p t i m i s t i c  about  being a b l e  t o  achieve 
it. 

A new m a t e r i a l ,  LI-1500, being developed f o r  t h e  
o u t e r  s u r f a c e  h e a t  p r o t e c t i o n ,  over  an aluminum " a i r c r a f t "  
s u b s t r u c t u r e ,  looks very promising for  l o w  c o s t  and long l i f e .  
Low c o s t  r o l l e d  aluminum shee t  t anks  (glued and b u t t  welded) 
a lso look promising f o r  t h e  expendable drop tanks.  
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BELLCOMM, INC. 
955 CENFANT PUZA NORTH, S.W. WASHINGTON, 0. C. 20024 

SUBJECT: T r i p  Report  - Discuss Stage DATE: February 4 ,  1 9 6 9  
and One-Half Launch System 
S t u d i e s  a t  Lockheed - Case 105-3 

MEMORANDUM FOR F I L E  

~ 

FROM: D. E. Cassidy 
C. C. Ong 

Discuss ions  w e r e  he ld  w i t h  personnel  of  t h e  Lockheed 
M i s s i l e s  and Space Div is ion ,  Sunnyvale, C a l i f o r n i a  on 
January 7 ,  1 9 6 9 .  The purpose w a s  t o  review t h e  work be ing  per- 
formed on r e u s a b l e  s p a c e c r a f t  and s t a g e  and one-half launch sys- 
t e m s .  Lockheed p a r t i c i p a n t s  were J i m  Dodd, Grover L. Alexander,  
Fred Guard, Robert L. H o m m i t t ,  W. Vaughn and Max Hunter. 
B e l l c o m m  p a r t i c i p a n t s  w e r e  C. C. Ong and D. E. Cassidy. 

I n t r o d u c t i o n  

The nex t  gene ra t ion  of e a r t h  launch and r e e n t r y  systems 
should be r e l a t i v e l y  inexpensive t o  o p e r a t e ,  hope fu l ly  an 
o r d e r  of magnitude less than  a t  p r e s e n t .  T o  achieve  l o w e r  cost ,  
however, r a d i c a l  changes i n  t h e  way space  v e h i c l e s  are b u i l t ,  
t e s t e d ,  and opera ted  w i l l  be necessary .  This  i s  the  d r i v i n g  
f o r c e  behind t h e  concept  of t h e  stage and one-half i n t e g r a l  
launch v e h i c l e  (SOH) which, for  r o u t i n e  launch and r ecove ry ,  
takes  on c h a r a c t e r i s t i c s  far closer t o  a i r c r a f t  t ype  o p e r a t i o n s  
than  t h e  t r a d i t i o n a l  s p a c e c r a f t .  An example i s  t h e  Lockheed 
o p e r a t i o n a l  concept  i l l u s t r a t e d  i n  F igu re  1. Lockheed as 
w e l l  as o t h e r  aerospace companies i s  s tudy ing  t h e  SOH concept  
as an advanced launch and r e e n t r y  system. * Lockheed w a s  
p rev ious ly  us ing  t h e  name S t a r  C l ippe r  f o r  t h e i r  system b u t  i s  
now r e f e r r i n g  t o  it as t h e  Space S h u t t l e .  

Although t h e  s k e p t i c  can have a f i e l d  day q u e s t i o n i n g  
t h e s e  concepts  and depa r tu re s ,  p a r t i c u l a r l y  w i t h  t r a d i t i o n a l  
s p a c e c r a f t  expe r i ence  i n  mind, he  can a l so  ponder t h e  ques t ion :  
"what should be s o  d i f f e r e n t  about  r o u t i n e  s p a c e c r a f t  o p e r a t i o n s  
and a i r c r a f t  ope ra t ions?"  T h i s  q u e s t i o n  (or  s ta ted  ano the r  way, 
"how can s p a c e c r a f t  be made and ope ra t ed  l i k e  a i r c r a f t ? " )  w i l l  
r e q u i r e  cons iderably  more s tudy before it can be answered prop- 
e r l y .  Some of t h e  key t e c h n i c a l  i s s u e s  as viewed by Lockheed 
are p resen ted  i n  F igure  2. 

* 
T r i p  Report  - Discussion of I n t e g r a l  Launch Vehicle/Space- 

c ra f t  S t u d i e s  a t  McDpnnell Douglas, S t .  Louis ,  Bellcomm M e m o  
f o r  F i l e ,  D. E. Cassidy, November 25, 1968. 
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Lockheed's main t h r u s t  t o  d a t e  has  been d i r e c t e d  
toward t h e  v e h i c l e  des ign ,  ana lyses  of  s t r u c t u r a l  and h e a t  
s h i e l d  m a t e r i a l s ,  and t h e  s h u t t l e  core vehicle aerodynamic 
performance. The boost engine  system i s  based on t h e  s p e c i f i c a -  
t i o n s  f o r  t h e  P r a t t  and Whitney high p r e s s u r e  engine.  The 
methods t h a t  Lockheed i s  sugges t ing  f o r  performing systems 
t e s t i n g ,  v e h i c l e  q u a l i f i c a t i o n  and o p e r a t i o n a l  checkout pro- 
cedures ,  on t h e  o t h e r  hand, remain e s s e n t i a l l y  conceptua l .  
More work remains t o  be done t o  demonstrate  t h a t  t h e  core 
v e h i c l e  performance and turn-around c a p a b i l i t y  can be made 
similar t o  a high performance a i r c r a f t  as Lockheed c l a i m s .  One 
approach t h a t  could develop h igh  confidence i n  systems performance 
would be t o  q u a l i f y  t h e  vehicle through p r o g r e s s i v e  f l i g h t  t e s t i n g  
as i l l u s t r a t e d  i n  Figure.  3. 

The cost  estimates f o r  o p e r a t i n g  t h e  Space S h u t t l e  
system are a d i r e c t  r e f l e c t i o n  of t h e  a i rc raf t  l i k e  phi losophy.  
Lockheed f i g u r e s  a Space S h u t t l e  system could p u t  over 2 0 , 0 0 0  
pounds of d i s c r e t i o n a r y  payload i n t o  o r b i t  f o r  less than  2.5 
m i l l i o n  d o l l a r s  p e r  launch. O f  t h e  2.5 m i l l i o n ,  one m i l l i o n  
i s  f o r  refurbishment  and suppor t  ( i nc lud ing  t h e  expendable t a n k s  
and p r o p e l l a n t ) ,  $200,000 i s  f o r  miss ion  o p e r a t i o n s ,  $500,000 
f o r  launch ope ra t ions  and $700,000 is  used t o  amor t ize  t h e  v e h i c l e  
u n i t  cost over 50 f l i g h t s .  The development cost t o  achieve  t h i s  
system according t o  Lockheed would be about  1 . 7  b i l l i o n  d o l l a r s . *  
I n  a d d i t i o n ,  they c l a i m  t h a t  t h e  system could be d e l i v e r e d  by 
CY 1975 if a program development p l a n  (Phase B) i s  i n i t i a t e d  
i n  mid CY 1969 .  

The paragraphs t h a t  fo l low d i s c u s s  i n  some d e t a i l  
Lockheed's concepts f o r  t h e  h e a t  p r o t e c t i o n  system and s t r u c t u r e  
(major i t e m s  i n f luenc ing  re furb ishment  c o s t s ) ,  and t h e  l o w  cost  
drop  tank  concept ( t h e  major expendable i t e m ) .  Lockheed holds  
h igh  hopes f o r  LI-1500, (new mater ia l  developed i n  t h e i r  shop) 
as a l o w  cost ,  l o w  maintenance, r e u s a b l e  r a d i a t i v e  h e a t  pro tec-  
t i o n  material ( f o r  t h e  c o r e  v e h i c l e  o u t e r  s u r f a c e s ) .  

* 
McDonnell Douglas i s  n o t  as o p t i m i s t i c  as Lockheed i n  

achiev ing  l o w  core  v e h i c l e  refurbishment  costs,  airframe costs,  
number of r euses  and drop tank  costs. MAC-DAC claims a 15 m i l l i o n  
do l la r  o p e r a t i o n a l  cost  anda3.7 b i l l i o n  d o l l a r  development cost. 
I n  c o n t r a s t ,  NAR r e f l e c t i n g  t r a d i t i o n a l  S / C  phi losophy,  p r e s e n t l y  
estimates over 25 m i l l i o n  co l la r  o p e r a t i o n a l  costs and a develop- 
ment cost of over 4.5 b i l l i o n  d o l l a r s .  
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LI-1500 Material 

LI-1500 ( l i g h t  weight i n s u l a t i o n  wi th  a d e n s i t y  of 
3 1 5  l b s / f t  ) i s  a r i g i d  i n s u l a t i o n  material  developed p r i m a r i l y  

fo r  r e u s a b l e  h igh  l i f t i n g  r e e n t r y  v e h i c l e  a p p l i c a t i o n  where t h e  
h e a t i n g  ra te  i s  4 0  t o  50 B T U / f t 2 - s e c  o r  less. LI-1500 i s  made 
of col loidal  s i l i c a  wi th  randomly o r i e n t e d  s i l i c a  f i b e r  r e i n -  
forcement,  and i s  i n o r g a n i c a l l y  bonded and cured a t  a tempera ture  
i n  excess  of 2500OF b u t  less than  t h e  3100OF me l t ing  temperature .  

LI-1500 has been under cont inuous mod i f i ca t ion  and 
improvement a t  Lockheed. The l a t e s t  v e r s i o n  has a u n i t  weight  
of 11 l b s / f t  and, f o r  mul t i - reuse  a p p l i c a t i o n s ,  i s  p r e s e n t l y  
l i m i t e d  t o  a maximum s u r f a c e  tempera ture  of 2500OF. Ea r l i e r  
t e s t s  on t h e  l i n e a r  thermal  expansion of LI-1500 showed t h a t  
t h e  material e x h i b i t e d  an expansion over t h e  tempera ture  range  
between 70  and 1400OF and then a shr inkage  as t h e  tempera ture  
inc reased  f u r t h e r .  The c o e f f i c i e n t  of  thermal  expansion p r i o r  
t o  mater ia l  shr inkage  w a s  approximately 3 x lo-' i n / i n  FO. 
Recent tests of t h e  m a t e r i a l  under heat p u l s e s  over a 50-minute 
t i m e  span,  r e p r e s e n t i n g  a t y p i c a l  r e e n t r y  thermal  environment 
w i t h  a peak tempera ture  of 2300°F, showed t h a t  a f t e r  1 0  c y c l e s  
of  h e a t i n g  t h e  material  exh ib i t ed  no sh r inkage  o r  o t h e r  damages. 
Acoust ic  tests did n o t  r e s u l t  i n  f a i l u r e  u n t i l  a n o i s e  l e v e l  
of 168 db w a s  reached,  which exceeds t h e  expected maximum level 
of 165 db. 

3 

A c o a t i n g  m a t e r i a l ,  chromium-oxide, has  been developed 
t o  provide  a hard l a y e r  on t h e  s u r f a c e  and t o  i n c r e a s e  t h e  s u r f a c e  
e m i s s i v i t y .  
1500 i s  around 1 0 0  p s i .  

The room temperature  t e n s i l e  s t r e n g t h  of LI- 

d 

I t  i s  f e l t  t h a t  f o r  h e a t  s h i e l d  a p p l i c a t i o n s ,  LI-1500 
has p o t e n t i a l  m e r i t  i n  terms of  reduced u n i t  costs, s i m p l i f i e d  
s t r u c t u r e  and l o w  refurbishment  cost. Continued development 
may lead t o  t h e  r e q u i r e d  confidence i n  performance and cost- 
sav ing  f o r  s p a c e c r a f t  a p p l i c a t i o n s .  P r e s e n t  cost estimates f o r  
LI-1500 are $40  t o  $50 p e r  pound. For  a t y p i c a l  p a s s i v e  system 
t h e  average cost p e r  square  f o o t  of  LI-1500 would be about  
$150 t o  $300/ft2.  
h e a t  s h i e l d s  va ry  from t w o  t o  over  t e n  t i m e s  t h i s  amount. 

P r e s e n t  estimates of coated r e f a c t o r y  m e t a l  



BELLCOMM. I N C .  - 4 -  

Addi t iona l  LI-1500 Development 

Lockheed research and development e f f o r t s  on t h e  
LI-1500 i n  t h e  immediate f u t u r e  are: 

1. The e m i s s i v i t y  of both  coated and uncoated LI-1500 
w i l l  be t e s t e d  a t  A i r  Force Materials L a b o r a t o r i e s ,  
Wright-Patterson A i r  Force B a s e ;  

2. Bonding of  LI-1500 t o  t h e  s u b s t r a t e  and some 
mechanical f a s t e n i n g  methods w i l l  be i n v e s t i g a t e d  f o r  
t h e  purposes of f i n d i n g  a s imple  way f o r  hea t  s h i e l d  
replacement;  and 

3 .  Large pane l s  and curved pane l s  w i l l  be t e s t e d .  

Fu r the r  work w i l l  be conducted on t h e  c o a t i n g  materials,  
manufacturing processes, weight  and p rope r ty  improvement. In- 
s p e c t i o n  and refurbishment  methods are also planned pending in -  
house and government fundings.  

Thermal P r o t e c t i o n  System 

The s t r u c t u r a l  des ign  of  t h e  s p a c e c r a f t  resembles t h e  
convent iona l  a i r c r a f t  c o n s t r u c t i o n  wi th  t h e  excep t ion  o f  a hea t  
s h i e l d  e x t e r i o r  t o  t h e  airframe s h e l l .  The s u b s t r a t e  tempera ture  
w a s  k e p t  below 15O0F; t h i s  pe rmi t s  use  o f  aluminum f o r  t h e  load- 
c a r r y i n g  s t r u c t u r e .  

Lockheed trade s t u d i e s  of t h e  thermal p r o t e c t i o n  system 
have cen te red  t o  a l a r g e  e x t e n t  on t h e  probable  success  of t h e  
LI-1500 m a t e r i a l  development. A s tudy  of f i v e  s t r u c t u r a l  concepts  
f o r  h e a t  s h i e l d  des ign  w a s  made f o r  a s p a c e c r a f t  c o n f i g u r a t i o n  
wi th  a hypersonic  L/D of 2 ,  as shown i n  F igure  4 .  These concepts ,  
i l l u s t r a t e d  i n  F i g u r e  5 ,  inc luded  t h r e e  v a r i a t i o n s  of p a s s i v e  
coo l ing  (LI-1500, r e f r a c t o r y  m e t a l ,  and a b l a t i v e  heat  s h i e l d ) ,  
as w e l l  as LI-1500 and r e f r a c t o r y  h e a t  s h i e l d s  w i t h  active 
coo l ing  tubes .  The p a s s i v e  coo l ing  system us ing  LI-1500 w a s  
favored over  t h e  active coo l ing  system because it w a s  m o r e  
r e l i a b l e  and less c o s t l y .  

One of t h e  d i f f i c u l t i e s  i n  applying LI-1500 mater ia l  
f o r  t h e  p a s s i v e  h e a t  s h i e l d  w a s  t h a t  t h e  tempera ture  of  t he  
s u b s t r a t e  cont inues t o  rise a f t e r  t h e  s p a c e c r a f t  touches down. 
The temperature  i n  t h e  main s t r u c t u r e  could be k e p t  below 150°F 
a t  a l l  t i m e s  only by us ing  a ve ry  t h i c k  plank of LI-1500 (more 
than  5 i n c h e s ) .  However, it w a s  found t h a t  s u b s t a n t i a l  weight  
sav ings  (reduced t h i c k n e s s )  could be achieved by apply ing  r a m  
coo l ing  du r ing  t h e  subsonic  f l i g h t  before touchdown and t h e n  
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applying ground cool ing  by connect ing t h e  s p a c e c r a f t  t o  a ground 
power source  immediately a f t e r  t h e  touchdown. 
technique ,  t h e  LI-1500 h e a t  s h i e l d  could be much l i g h t e r  than t h e  
r e f r a c t o r y  h e a t  s h i e l d  (coated columbium) and no t  r e q u i r e  an 
a c t i v e  on-board cool ing system. 

With t h i s  

More tes t  d a t a  a r e  r equ i r ed  t o  d e f i n e  t h e  p r o p e r t i e s  
and t h e  performance of LI-1500 t o  t h e  confidence level of coa ted  
r e f r a c t o r y  metals. Lockheed engineers  sugges t ,  however, t h a t  
i f  t h e  development of LI-1500 does n o t  reach  i t s  m a t u r i t y  i n  
t i m e  f o r  a p p l i c a t i o n ,  a coated r e f r a c t o r y  meta l  o r  an a b l a t i v e  
h e a t  s h i e l d  could be r e l i e d  upon. The p e n a l t i e s  imposed wi th  
t h i s  approach r e q u i r e  more d e t a i l e d  ana lyses .  

Drop Tank 

The drop tank of Star Cl ipper  i s  a p r e s s u r e  s t a b i l i z e d  
s h e l l  wi th  2219-T87 aluminum tank w a l l s  us ing  e x t e r i o r  i n s u l a t i o n  
of polyurethane and a l a y e r  of l i g h t  weight foam, F igure  6. The 
cost of t h e s e  tanks  is  est imated a t  $34/lb f o r  t h e  200th produc- 
t i o n  u n i t  assuming 90% l ea rn ing  i n  product ion.  

The low cost, t o  some e x t e n t ,  is  dependent on f e a s i b i l i t y  
of t h e  Lockheed jo in ing  technique. I n  t h i s  method, t h e  tank 
w a l l  s h e e t s  are backed up with a doubler  p l a t e  a t  t h e  b u t t  j o i n t s  
and r e s i s t a n t  s p o t  and seam welded. 
between t h e  doubler  p l a t e  and t h e  s h e e t s  p r i o r  t o  welding. 
applying t h i s  technique tank w a l l s  could be made of rolled alum- 
inum s h e e t s ,  thus  e l imina t ing  t h e  c o s t l y  work of machine m i l l i n g  
t h e  m a t e r i a l  from a t h i c k  p l a t e .  

Bonding agent  is  app l i ed  
By 

Attachments 
F igures  1 - 6 

C. C. 0 n g - d  
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